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Irrigation and Manuring Studies 
By Frank S. Harris. 
1. INTRODUCTION. 
Indian corn IS one of the mo t important crops raised by 
American farmers. Anything that affects the ' corn crop of the 
United States has an influence on the prosperity of the entire 
country. From an economic point of ,iew. the,refore, i.t is im-
portant to know as much about the productIOn of thi crop as 
possible. The corn plant also offers an excellent field for c:cien-
tific investio-ation independent of any economic bearing. 
In an arid region, every agricultural activity is affected by 
the supply of water, and the attention of agricultural scientists 
is directed more toward the economical use of moi ture than 
toward other phases of soil management. It is not so much a 
question of making land produce more per acre, a~ of making 
water produce more per acre foot. There is plenty of land, but 
the supply of water i limited. 
Since corn has always been one of the chief crops in thi s 
country, many experiments have been conducted with it. Manur-
ing experiments are particularly numerous. It was found that 
corn responded better than most farm crops to the use of barn-
yard manure, and that it was capable of using large quantities 
of soil nitrogen. Its place in the rotatioI]. is well worked out for 
most soils . 
Experiments on the ' irrigation of corn, on the other hand, 
have been confined to a few stations and conducted by a small 
number of men. The importance of soil moisture to the yield 
of corn has been recognized, and forecasts of corn production 
h'ave been based largely on the moisture .conditions in the corn 
belt during a few critical weeks. In sp ite of these facts, there 
is not a great deal of exact data recorded on the moisture rela-
tions of the ' plant. The tah Experiment Station ha raised 
corn under irrigation practically every year since its estahlish-
ment. The results of a number of experiments are already pub-
lished in bulletins and reports of the Station. They include 
tests on the effect of variou amount of water di tribu ted in 
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different ways on the yield and composition of corn. The re-
sults have shown clearly that too much water is often used. 
Small amounts of irrigation water, supplementing natural pre-
cipitation, were found ' to be conducive to the greatest economy 
of water. 
The present publication is intended to supplement those 
already issued by dealing with some factors not previously con-
sidered. The main part of the bulletin deals with an irrigation 
and manuring experiment that was conducted for three years. 
In addition to this experiment results from other sources are re-
ported showing the effect of soil moisture on corn. 
II. DESCRIPTION OF EXPERIMENT. 
The main experiment was begun in 1911. Results are shown 
for this year, as well as for 1912 and 1913. The object of the 
experiment was to determine the effect of soil moisture and 
manure on changes going on in the soil, and on the growth of 
crops. The present report deals only with the growth of the 
crop as affected by moisture and manure, the soil changes be-
I )S 5 Tons Ma.nure 
ARRANGC .. .,NT of PLATS SHOWING ~~· ~~~~3~~ ~~~~~B~~~~~~~ ~ - ~ ~ ~ ~ ! ~ ~ 0 l~ . . IFIRIGATION AND MANURING 
~~ ~~ ~ ~~ ~~~~~~!' 1; G ~ ~~~ ~ ~ ~'~ ~~ ~ ~ 
No Ma.nurQ. 15 Tons Ma.nure 
Figure 1 
ing left for a later report. The work was conducted at the 
Greenville Experimental Farm, two miles north of the Agricul-
tural College. The soil and conditions of this farm are well 
described in Bulletin 115 of the Utah Experiment Station. 
Figure 1 shows the arrangement of plats and the ·treatments 
received. There were twelve plats unmanured, twelve receiving 
manure at the rate of five tons to the acre, and twelve manured 
at the rate of fifteen tons to the acre. 
In each manuring treatmet:lt there were two plats receiving 
each of the following amounts of irrigation water: none, five 
inches, ten inches, twenty inches, thirty inches, and forty inches. 
This gave six plats altogether for each kind of irrigation. 
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The plats were seven feet wide and twenty-four feet long 
with four feet of space between. Two rows of Dakota Sunshine 
corn were planted on each plat. It was also planted in the spaces 
between plats to make condition more uniform. 
The ·land was plowed in the fall with the exception of the 
fall of 1912. when it had to be left over t~ll the spring of 1913 
on account of weather conditions. The manure was added in 
·the early spring and later thoroughly diskecl or plowed into the 
land. Mixed horse and cow manure, fairly well rotted , was used. 
The water was applied from flumes in the manner described 
in Bulletins 115 to 120 of the U tah Station. It was distributed 
as follows: 
For plats receiving 5 inches, 20 inche each at beginning of 
tasselling and at roasting ear stage . 
For plats recei'ing 10 inches. 5 inches each at the above 
two stages. 
For plat reCeIVIng 20 inches, 5 inches each when pla.nts 
were tweh e inches high , at beginning of tassel, at bl()om and 
at roasting ear stage. 
For plats receiving 30 inches, 5 inches each when plants 
were twelve inches high, ten days later, at beginning of tassel, 
at bloom, at roasting ear stage, and ten days later. 
For plats receiving 40 inches, applications began when plants 
were twelve inches high and five inches were applied each week 
till all water was added. 
The precipitation during the experiment was as follows: 
PRECIPITATION DURING 1911, 1912 AND 1913. 
Month II 1911 1912 I 1913 
January ------------11 5.76 .95 1 .69 
February ~ __________ II 1.46 .93 .1 .92 
March _____________ 11 2.72 2.02 I 3.09 
Apri l ______________ 11 1.48 2.25 1 1.65 
May _______________ 11 1.77 2.22 1 1.25 
June ------------- - -1 .29 .91 1 2.10 
July ________________ 11 .12 1.98 1 1.27 
August ____________ 11 .00 1.31 1 .14 
September __________ 11 1.92 .54 1 1.47 
October _______ .- ____ 11 1.14 3.04 1 2.14 
November ___ _______ 11 1.70 2.40 1 1.84 
December _· _________ 11 0.71 .35 1 .88 
TotaL _________ 11 19.07 18.90 1 17.44 
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III. EFFECT OF IRIGATION ON YIELD OF GRAIN 
AND STOVER. 
Table 1 shows that during 1911 and 1912 the highest yield 
of grain was obtained with thirty inches of irrigation water, 
while in 1913, and as an average of the three years, twenty 
inches gave a higher yield than any other amount of water. I n 
every case the y ield was lower where forty inches of water were 
given during the season than where less was applied. 
The stover y ield was greatest in 1911 with forty inches of 
water, in 1912 with thirty inches, and in 1913 with t wenty inches. 
TABLE I-EFFECT OF IRRIGATION WATER ON THE 
YIELD OF GRAIN AND STOVER OF CORN. AV-
ERAGE OF THREE MANURING TREATMENTS. 
II 
1911 1912 1913 II Average 
II 
~ ~ ~ ~ 
~ ~ ~ ~ Q) Q) Q) Q) 
'"0 Q) ~o. Q) ~o. Q) 0. Q) 0. ~ Q) ..c:~ ~ 0. Q) ~ 0. Q) ~ 0. Q) ~enQ) ~ 0. Q) ~ <1);'::: Q) en Q) Q) en Q) Q) en Q) 
..... 0. en u CIS .- . ~ ~§b -- . ""'" :> t:: ~ ._ .1....t :> t:: ~ . _ • s.... :> t:: ~ ..... ClSQ) CIS ::l u CIS ::l u 00 u CIS ::l u o 0 u CIS ::l u o 0 u CIS 0. ~~:>-t 13~<t:: 13~<t:: 13~<t:: 13 ~<t:: ~ <t:: ci) ..... <t:: .......... <t:: ci) ..... <t:: .......... <t:: P-l (/) . (/) 
I 1 I ·1 I I I II I 
None I 6 I 45.191 1.811 39.201 3.051 57.001 3.6411 47.131 2.83 
5 in. I 6 I 55.931 2.071 42.501 3.311 59.751 4.0611 52.731 3.15 
10 tt I 6 I 61.071 2.151 33.801 2.891 60.401 4.2411 51.761 3.09 
"20 tt I 6 1 71.861 2.521 39.201 3.981 65.761 4.4311 58.941 3.64 
30 " I 6 1 75.101 2.981 40.071 4.321 35.501 3.9511 56.891 3.75 
40 " I 6 I 73.701 3.141 39.501 4.221 59.501 3.8911 57.601 3.75 
I "I I . I I I I II I 
As an average of the three years the y ield of stover was the 
same with thirty and with forty inches of irrigation water. 
Taking the average of three years work as a guide, not only 
was all water that was applied over twenty inches wasted, 
but it actually decreased the a~ount of corn produced to the 
acre. The over irrigation caused a loss of \vater, a loss of time 
in applying it, a loss of corn, and injury to the soil. 
I t will be noted that plats receiving ten iilches of water in 
1912 had a lower yield than even the unirrigated plats. The 
reason for this is not clear, but it occurred with all of the , IX 
plats receiving this treatment. 
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TABLE 2-YIELD OF GRAIN AND STOVER FOR EACH 
INCH OF IRRIGATION WATER APPLIED. AV-
ERAGE FOR THREE MANURING TREATMENTS. 
II 
1911 1912 1913 II Average 
II 
I I I I 
" 
I 
5 in. I 6 2.151 .0521 .661 .0521 .551 .08411 . 1.121 .063 
10 " I 6 1.591 .0341 -.541-.0161 .341 .06011 .461 .037 
20 " I 6 1.331 .0361 .001 .0471 .441 .04011 .591 .041 
30 " I 6 1.001 .0391 .031 .0421 -.051 .01011 .331 .031 
40 " 1 6 .71 1 .0331 .01 1 .0291 .061 .00611 .261 .023 I . I I I I I 
" 
I 
EFFECT OF IRRIGATION ON YIELD OF GRAIN AND STOVER. AVE.RAGE OF J YR5. 
Figure 2 
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One of the most important things in the use of irr igation 
water is to get t he maximum yield for each unit of water . Table 
2 shows the amount of grain and · stover each inch of irrigation 
water produced. The table shows clearly the fact that as the 
amount of water was increased, its effectiveness was decreased . 
. This is important, since, in regions where water is very scarce, 
it probably will not be wise to apply sufficient water to get the 
largest yields per acre, as this may mean a low yield per inch 
of water applied. The irrigation water showed a much greater 
effectiveness for a given amount where five inches were applied 
than where more was used. The reason for this is that a large 
part of ·the crop is produced by the natural precipitation and the 
irrigation water is only supplementary, 
c 
o 
INCREASE IN YIELD OF GRAIN AND STOVER PRODUCED BY 40 ACRE. 
INCHES OF I RRIGATION WATER APPLIEDTO D IFFERENT AREAS. 
c 
o 
~ 
07 
-------ji{:.§ :;:: ·t~------------------------------------
d .. '1----------------------
a. 
.. '01-______ _ 
~ 
uf----------' 
Figure 3 
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Table 3 shows that in every case over four-fifths of t he 
crop was produced by the natural precipitation . The figu res 
were obtained by comparing the yield of the unirr igated plats 
with that of plats receiving various amounts of water. 
TABLE 3-PERCENTAGE OF GRAIN AND STOVER PRO-
DUCED BY THE NATURAL PRECIPITATION 
WITH DIFFERENT AMOUNTS OF IRRIGATION 
WATER. RESULTS FOR THREE YEARS. AV-
ERAGE OF THREE MANURING TREATMENTS. 
Water I-< Applied ..c::1-< t:: Cl) Ul u ro 
';:;j ;> ~roCl) 0 p:;r.r.:l~ I-< en 0 
1 
one _ --------------1 18 100.00 100.00 5 inches __ ____ ______ 1 18 90.78 90.10 
10 
20 
30 
40 
" 
------------1 18 92.07 91.59 
" 
------------1 18 81.38 77.75 
" 
------------1 18 84.32 73.47 
" 
------------1 18 83.26 75.27 
1 
IV. EFFECT OF MANURE ON YIELD OF GRAIN 
AND STOVER. 
As already explained there were three manuring t reat ments, 
each having twelve plats. Tables 4 and 5 show the effect of 
manure on the yield of grain and stover. 
An examination of Table 4 shows the very beneficial effect s 
of manure even on the fer t ile Greenville soil. During the first 
year of the test the yield was raised from 55 to 74 bushels by 
fifteen tot:Is of manure. By comparing the yields of 1911 with 
those of 1913 it will be noted that the manured plats main-
tained their original yields of gra in, while the yields on the 
unmanured plats decreased considerably. 
Table 5 shows the increa:se in yield for each ton of manure. 
During the first year of manuring there was a greater increase 
in yield for each ton of manure where fifteen tons were added 
than wher.e five tons were added. During the other years, how-
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TABLE 4-EFFECT OF MANURE ON THE YIELD OF 
GRAIN AND STOVER. AVERAGE OF SIX IRRI-
GA TION TREATMENTS. 
<1) 
I... 
~ 
= cd 
~ 
1 
1 
. 1 
..cl... 
(/) (J cd 
..... cd<1) ~~>t ~ 
1911 
I... 
I... <1) 
<1) 0. 
= 0. <1) 
I... 
<1)(/)<1) 
• ~ • &.-.t :> = I... cd ~ (J o 0 (J l31=Q~ ci) ..... ~ 
1912 
I... 
I... <1) 
<1) 1...0. 
= 0. <1) <1)(/)<1) 
-- ..... :> = I... cd ~ (J EE~ l31=Q~ U) 
II 
1913 II Average 
II 
I... I... 
I... <1) I... <1) 
<1) 0. <1) 0. 
= 0. <1) ~ (/) <1) = 0. <1) ~ (/) <1) 
.- ..... :> = I... -- . ~ :> .... I... C\S = U o 0 (J cd ~ (J o (3 (J l31=Q~ .......... ~ l31=Q~ .......... -< U) U) 
I I I I- I I " I 
None 112 155.141 1.98123.301 2.311 43.401 2.4311 40.611 2.24 
5 tons 12 60.001 2.39 45.30 3.741 60.801 4.4211 55.371 3.52 
15" 12 I 74.301 2.901 48.401 4.851 74.751 5.2911 63.821 4.35 
I 1 I I 1 I I II I 
TABLE 5-INCREASE IN YIELD OF GRAIN AND 
STOVER FOR EACH TON OF MANURE APPLIED. 
AVERAGE FOR SIX IRRIGATION TREATMENTS. 
II 
1911 1912 1913 II Average 
II 
(/) (/) (/) (/) 
-v V V <1) V I... 
..cl... 
=..c I... (/) .... ..c I... (/) .... ..c I... (/) .... ..c I... (/) ~ (/) (J cd ._ (/) <1) = .:: (/) ~ = .:: en <1) = .::: (/) <1) = = ""'cd<1) cd ~ :> 0 cd ~ 00 cd ~ :> 0 cd ~ :> 0 ~ ~~>t Efo-i Efo-i Efo-i ~ l31=Q l31=Q ..... fo-i l31=Q l31=Q ~ U) U) U) U) 
I I I I I I II I 
5 tonsl 12 .971 .0831 .4.401 .2861 3.481 .39811 2.951 .256 
15 " 1 12 I 1.281 .0611 1.671 .1691 2.091 .19111 1.681 .140 
1 . 1 I 1 1 I I II I 
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ever, the manure was used more economically with a light than 
with a heavy application. The figu~es how that all the value 
of the manure is not used during the first season, but that it 
has a residual effect. 
The average of. a11' treatm.ents show that for each ton of 
manure applied the yield per acre was increa ed by 2.32 bushel 
of grain and 396 pounds of stover. The manure would, there-
fore, have a money value to the farmer of something like $2 
I?er ton during the first year, besides improving the soil for 
fu ture crops. 
EFFECT OF MANURE ON YIELD OFGRAIN AND STOVER 
No Mo.nure. App l,e-d S Tons Per Acre Appl iecl 15 Tons Pe.r Ac.reApplied 
.. 
oj 
Q.. 
j 
1 
.f: 
c !: .~ 
'" ~ ~ 1;; 
, I 
'0 
~ "1J 
>- ~ 
'i-
• Gra. in • Stove.,- . 
F igure 4 
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V.-EFFECT OF TREATMENT ON, THE DIFFERENT 
PARTS OF THE PLANT. 
1. Ra tio of Stover to Grain. 
Corn is raised primarily for grain, but the stover is also used 
for feed. It is of interest, therefore, to know how various treat-
ments affect the proportions of grain and stover. 
TABLE 6-EFFECT OF IRRIGATION ON THE RATIO 
OF STOVER TO GRAIN. AVERAGE OF THREE 
MANURING TREATMENTS. 
Ratio Stover to Grain. Grain = 1. 
"'d , II I-< V 
...cl-< v;.::: (/) u ro 1911 , 1912 1913 II Average ...... 0. ..... ro v . roo. ~~~ ~-< ~ , 
" None , 6 1.43 I 2.78 2.28 
" 
2.16 
3 " I 6 1.35 , 2.79 2.43 II 2.19 
10 " I 6 1.29 , 3.07 2.5 1 
" 
2.29 
20 t t I 6 1.28 I 3.62 2.41 II 2.44 
30 " , 6 1.45 I 3.85 2.54 II 2.61 40 tt , 6 1.58 , 3.81 2.33 
" 
2.57 
The average results for three years show that the relative 
amount of stover gradually increased with the moisture. There 
was however, a very slight fall ~ ng of when forty inches of water 
were used. 
Table 7 shows that there wa~ relatively more stover on 
manured than on unmanured plats. 
TABLE 7-EFFECT OF MANURE ON THE RATIO OF 
STOVER TO GRAIN. AVERAGE OF SIX IRRIGA-
. TION TREATMENTS. 
Ratio Stover to 'Grain. Grain = 1. 
V 
I-< 
..c:1-< ;::l (/) U ro 1911 1912 1913 Average t:: ...... roV 
ro ~~~ ;g ~ 
None ' 12 1.27 1.53 1.97 1.59 
5 tons, 12 1.43 2.28 2.85 2.19 
15 " I 12 1.49 2.39 2.52 2.13 
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V.-EFFECT OF TREATMENT O N, THE DIFFERE NT 
PARTS OF THE PLANT. 
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TABLE 6-EFFECT OF IRRIGATI ON ON THE RATIO 
OF STOVER TO GRAIN. AVERAGE OF THREE 
MANURING TREATMENTS. 
Ratio Stover to Grain. Grain = 1. 
"0 I ~ ClJ ..s::~ ClJ;"::: Ul U cd 1911 I 1912 191.3 Average ""'0.. ""'cdClJ . cd 0.. ~~~ ~ ~ P-l I 
None I 6 1.43 I 2.78 2.28 2.16 
5 II I 6 1.35 I 2.79 2.43 2.19 
10 " I 6 1.29 I 3.07 2.51 2.29 
20 " ! 6 1.28 ! 3.62 2.41 2.44 
30 " I 6 1.45 I 3.85 2.54 2.61 40 II I 6 1.58 I 3.81 2.33 
" 
2.57 
The average results for three years show that the relative 
amount of stover gradually increased with the moisture. There 
was however, a very slight fall~ng of when fo rty inches of water 
were used. 
Table 7 shows that there wa~ relatively more stover on 
manured than on unmanured plats . 
TABLE 7-EFFECT OF MANURE ON THE RATIO OF 
STOVER TO GRAIN. AVERAGE OF SIX IRRIGA-
. TION TREATMENTS. 
Ratio Stover to 'Grain. Grain = 1. 
ClJ 
~ 
..s::1-< ;::l Ul U cd 1911 1912 1913 Average t:: ""'cdClJ 
cd ~~~ ;:g P-l 
Jane I 12 1.27 1.53 1.97 1.59 
5 tons! 12 1.43 2.28 2.85 2.19 
15 " ! 12 1.49 2.39 2.52 2.13 
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2. Ratio of Grain to Cob. 
Corn is often sold on the ear and a correction factor intro-
duced for the cob. This makes it important to know the rela-
tion between grain and cob and how this relation is influenced 
by different treatments. 
An examination of Tables 8 and 9 shows that during 1913 
the relative amount of grain was considerably greater than dur-
ing the other two years. The water applied did not affect the 
ratio of grain to stover as much as did the manure. On the 
average the proportion of grain to cob was increased by manure. 
An increase is also noted with the application of more .water, 
but the difference is slight. The season seems to be the chief 
factor affecting the ratio. 
TABLE 8-EFFECT OF IRRIGATION ON THE RATIO OF 
GRAIN TO COB. AVERAGE OF THREE MANUR-
ING TREATMENTS. 
None I 6 I 
5 in. I 6 ' I 
10 " I 6 I 
20 " I 6 I 
30 " I 6 I 
40"161 
1911 
2.60 
2.49 
2.81 
2.63 
2.69 
2.39 
Ratio of Gra~n to Cob. Cob = 1. 
1912 
2.64 
2.67 
2.39 
2.60 
2.37 
2.71 
1913 
3.68 
3.61 
3.64 
3.64 
3.84 
3.89 
Average 
2.97 
2.92 
2.95 
2.96 
2.97 
3.00 
TABLE 9-EFFECT OF MANURE ON THE RATIO OF 
GRAIN TO COB. AVERAGE OF SIX IRRIGATION ' 
TREATMENTS. 
None I 12 
5 tons I 12 
15 " I 12 
1911 
2.44 
2.54 
2.83 
Ratio of Grain to Cob. Cob = 1. 
1912 
2.16 
2.60 
2.77 
1913 
3.75 
3.72 
3.69 
II II Average 
" II 2.78 II 2.95 
" 3.10 
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3. Weight of 1,000 Kernels and Weight per Bushel. 
T he weight of a measured bushel of grain was determined 
only in 1913, but the weight of l,()()() kernels was determined 
for each year. 
The weight of the kernels was lightest in 1912. The irriga-
tion water did not have any consistent effect on t he weight of 
1,000 kernels from year to year, but manure increased the weight 
of kernels in every case. 
One yeCl.r's test on the weight of a measured bushel of grain 
showed it to be heav:.iest with a medium amount of water. The 
grain on manured plats was heavier than on the unmanured, and 
five tons of manure gave slightly heavier grain than fifteen tons. 
TABLE 10-EFFECT OF IRRIGATION ON THE WEIGHT 
OF 1000 KERNELS OF CORN AND THE WEIGHT 
OF GRAIN PER BUSHEL. A VERAGE OF THREE 
MANURING TREATMENTS. 
1 
Weight of 
'J\ eight of lUOO Kernels. Grams. Grain in Pounds 
Per Bu. 
'"0 II I I.. Q) 
.-CI.. Q);'::: (/) U C1l 1911 1912 1913 II Average I 1913 ..... 0.. ..... C1lQ) C1l0.. ~~~ ~ -< ~ II I 
None I 6 I 215.0 158.0 281.6 II 218.2 I 59.16 
5 in. I 6 I 209.5 163.5 282.4 II 218.5 I 58.66 
10 " I 6 I 218.3 147.5 280.2 II 215.3 I 58.33 
20 " I 6 I 224.8 158.0 286.5 II 223.1 I 58.49 
30 " .1 6 I' 228.5 157.5 279.3 II 221.8 I 58.99 
40 " I 6 I 219.0 160.0 286.4 II 221.8 I 59.00 
TABLE ll-EFFECT OF MANURE ON THE WEIGHT 
OF 1000 KERNELS OF CORN AND TH E WEIGHT 
OF GRAIN PER BUSHEL. AVERAGE OF SIX IR-
RIGA TION TREATMENTS. 
I 
Weight of 
Weight of 1000 Kernels. Grams. Grain in Pounds 
Per Bu. 
Q) I II I I.. 
.-CI.. ::l (/)UC1l 1911 I 1912 1913 II Average I 1913 t:: ..... C1lQ) C1l ~~>t ::g ~ I II I 
None I 12 209.7 I 133.0 258.9 II 200.5 I 57.83 
5 tonsl 12 218.3 I 163.0 289.0 II 223.4 I 59.33 
15 " I 12 230.4 . I 176.0 300.1 II 235 .5 I 59.18 
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4. Yield of Leaves. 
After the corn was cut and had become thoroughly air 
dry, the .leaves were stripped from the stalks and the husks 
removed from the ears. Each of these was weighed separately. 
In Tables 12 and 13 the weights of the leaves from each plat 
are gIven : 
TABLE 12-EFFECT OF IRRIGATION ON THE YIELD 
OF LEAVES PER PLAT. AVERAGE OF THREE 
MANURING TREATMENTS. 
Weight of Leaves. Pounds per P lat . 
None I 6 
5 in . I 6 
10 " I 6 
20 " I 6 
30 " I 6 
40 " I 6 
1911 
4.28 
5.05 
4.88 
6.20 
5.64 
6.16 
1912 
5.39 
5.73 
5.85 
6.00 
6.72 
6.42 
. II 
1913 II Average 
II 
5.77 II 5.15 
6.03 II 5.61 
6.34 II 5.69 
6.40 II 6.20 
5.27 II 5.88 
5.21 II .5.93 
As an average of the three years, the greatest yield per 
plat was secured when twenty inches of water were applied. In 
1912, however, the highest yield was secured with thirty inches. 
The effect of the manure was more marked on the yield of 
leaves than it was on the yield of total stover or of grain . About 
twice as many leaves were produced on plats with fift~en tons 
of manure to the acre as on the unmanured plats. 
TABLE 13-EFFECT OF MANURE ON THE YIELD OF 
LEAVES PER PLAT. AVERAGE OF SIX IRRIGA-
TION TREATMENTS. 
Weight of Leaves. Pounds per Plat. 
CI) II ~ ..c~ ::l (/) U CIS 1911 1912 1913 II Average t: ...... ClSCI) 
cO ~(..L1~ II :::g P-l 
None I 12 I 4.47 3.58 3.59 II 3.88 
5 tonsl 12 I 5.18 6.33 6.55 \I 6.12 
15 " I 12 I 6.16 8.16 7.36 II 7.23 
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5. Yield of Stalks. 
In 1911 the weight of stalks was greatest with forty inches of 
water; in 1912 with thirty inches; and in 1913 with twenty 
inches. 
The manure greatly increased the weight of stalk. This 
increase was considerably more than for grain. 
TABLE '14-EFFECT OF IRRIGATION ON THE YIELD 
OF STALKS PER PLAT. AVERAGE OF THREE 
MANURING TREATMENTS. 
Weight of Stalks. Pounds per Plat. 
'V 
. 11 ;.... <1) 
..s::::1-< <1);':::: Vl U I'd 1911 1912 1913 II Average ...... 0- ...... 1'd<1) I'd 0- ~~>t I ~~ P-; 
I 
one I 6 6.61 11.75 13.64 10.67 
5 in. I 6 7.28 12.13 15.58 11.66 
10 " I 6 7.65 10.83 15.82 11.43 
20- -" I '6 - 9.06 16.81 16.90 14.26 
30 " I 6 12.03 18.67 14.88 I 15.19 
40 " I 6 13.02 17.73 15.03 II 15.26 
I II 
TABLE 1S-EFFECT OF MANURE ON THE YIELD OF 
STALKS PER PLAT. AVERAGE OF SIX IRRIGA-
TIONS. 
Weight of Stalks. Pounds per Plat. 
<l) 
1 :1 1-< 
..s::::1-< ;:l VlUI'd 1911 I 1912 1913 II Average ;::: ...... 1'd<1) I'd ~~>t I II ~ P-; 
I I .1 II 
None I 12 1 6.87 1 8.34 8.74 II 7.98 
5 tons l 12 I 9.31 I 14.89 16.50 II 13.57 
15 " 1 12 I 11.03 I 20.73 20.69 II 17.48 
I I I II 
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6. Yield of Husks. 
T he weight of husks produced on a plat varied with the 
treatment somewhat in ' the same manner as the other parts of 
the stover, only the variations were not so marked as with 
the leaves or the stalks. 
TABLE 16-EFFECT OF IRRIGATION ON THE YIELD 
OF HUSKS PER PLAT. AVERAGE OF THREE 
MANURING TREATMENTS. 
Weight of Husks. Pounds per Plat. 
-0 I I-< 0,) ...cl-< 0,) ;"::: 
Ul u '" 1911 1912 I 1913 Average ..... 0. ..... "' 0,) 
"'0. ~~~ ~ <t:: ~ l' 
I I I 
None I 6 I 3.07 6.36 I 8.70 6.04 
5 in. I 6 I 3.67 7.72 I 9.75 7.05 
10 " I 6 I 4.03 5.64 I 10.54 6.74 
20 " I 6 I 4.20 7.86 I 10.88 7.65 
30 " I 6 I 5.31 7.94 I 10.30 7.85 
40 " I 6 I 5.05 8.38 I 9.76 7.73 
I I I \I 
TABL~ 17-EFFECT OF MANURE ON THE YIELD OF 
HUSKS PER PLAT. AVERAGE OF SIX IRRIGA-
TION TREATMENTS. 
Weight of Husks. Pounds per Plat. 
0,) !I I-< 
...cl-< ::l 
Ul u '" 1911 1912 1913 II Average ::: ~"'o') 
'" II :2 p::f.:r..1>-t 
I /I 
one I 12 3.94 5.88 6.38 II 5.40 
5 tons 12 3.59 7.58 11.00 II 7.39 
15 " I 12 5.13 8.49 12.59 II 8.74 
I II 
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7. Yield of Cobs. . 
The weight of cobs wa affected to some extent by both ! 
soil moisture and manure, but t~e differences are not nearly 
so marked as in the case of the grain. The variations in weirrht 
of cobs and husks seem to run closely together. 
TABLE IS-EFFECT OF IRR,IGATION ON THE YIELD , 
OF COBS PER PLAT. AVERAGE OF THREE MA-
NURING TREATMENTS. 
Weight of Cobs . . Pounds per Plat. 
"0 . II I- Q) 
...c:1-Q);"::: (/) u CIS 1911 1912 1913 II Average ...... 0. ...... ClSQ) CIS 0. ~~~ II ~-< P-; 
I I 
None I 6 3.76 3.20 3.35 3.44 
r' . I J 111. 6 4.89 3.45 3.58 3.97 
10 " I 6 4.68 3.05 3.59 3.77 
20 "I 6 5.84 3.25 3.90 4.33 
30 " I 6 6.0.3 3.65 3.13 4.28 
40 " I 6 6.66 3. 15 3.32 4.38 
I 
TABLE I9-EFFECT OF MANURE ON THE YIELD OF 
COBS PER PLAT. AVERAGE OF SIX IRRIGA-
TION TREATMENTS. 
Weight of Cobs. Pounds per Acre. 
Q) I I-
...c:1-;::3 (/) U CIS 1911 1912 I 1913 Average c ...... CIS Q) CIS ~~~ ~ P-; I 
I I 
None I 12 4.88 2.33 I 2.50 3.24 
5 tonsl 12 5.08 3.77 I ' 3.53 4.13 
15 " I 12 5.66 3.78 I 4640 II 4.61 
I I II 
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8. Percentage of Different Par ts of the Plant. 
The effect of the treatments on the yield of various plant 
parts has already been discussed. Tables 20 and 21 show the 
relative weights of parts of the plant expressed in percentage of 
the total weight of the plant. 
TABLE 20-EFFECT OF IRRIGATION ON THE PER-
CENTAGE OF THE DIFFERENT PLANT PARTS. 
AVERAGE OF THREE MANURING TREATMENTS 
AND OF THREE YEARS' RESULTS. 
P ercentage of Each P lant Part. 
"'0 
I- Q) 
..... rfl 
v~ o~ 
~o.. .~ Grain Cobs Husks Stal ks Leaves C1l 0.. zP-. ~~ 
1 1 
None 
- - I 18 29.23 1 10.15 16.39 29.54 14.69 
5 in. __ I 18 29.06 1 10.37 17.18 28.70 14.69 
10 " 
-- I 18 29.04 1 10.07 16.77 29.14 14.98 
20 " 
-- I 18 28.37 1 9.82 16.55 31.40 13.86 
30 " 
--I 18 27.05 1 9.40 17.25 33.39 12.91 
40 " 
-- I 18 27.19 1 9.55 17.31 33.64 12.31 
Avg. 
-- I 108 28.32 1 9.89 16.91 30.97 13.91 
, ., 
TABLE 21-EFFECT OF MANURE ON THE PERCENT-
AGE OF DIF FERENT PLANT PARTS. AVERAGEOF 
SIX IRRIGATION TREATMENTS AND OF THREE 
YEARS'RESULTS. 
Q) rfl Grain Cobs Husks Stalks Leaves I- ..... ~ ;::l o C1l 
~ o~ C1l 
~ Z 
I 
18.55 None 
--I 36 29.51 10.93 27.89 13.12 
5 tons-I 36 28.19 9.96 16.48 31.08 14.29 
1 5 " 
- - I 36 27.46 9.04 16.15 33.54 13.81 
1 
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EFFECT OF IRRIGATION - ON PERCENTAGE OF DIFFERENT PLANT PARTS 
.. 
Figure 5 
The percentage of grain was gradually lowered a the water 
was rai ed. The same O"eneral rule applied to the percentage 
of cobs althouO"h there were orne variations. The highest per-
centage of hu k occurred with the largest irrigation, and the 
lowest where there was no irrigation. Thy relative amount of 
talks increased decidedly with the application of water, while 
just the opposite was true of the leaves. 
I t may be said, therefore, that corn plants grown with a 
large amount of water are relatively lower in grain, cobs and 
leaves but higher in husks and talks than those grown with 
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a mall amount of moisture. The tables how that 0 11 the 
average there are more stalks than grain, that the grain i a 
little heavier than the cob and husks taken too-ether, that there 
are more husks than leaves, and that the stalk weigh about 
twice as mnch as the leave . 
The manure decrea ed the proportion of g rain , cob and 
hu ks, but increa ed the relative amount of talk and leaves. 
E F F ECT OF MANURE ON PERCENTAGE OF DIFFERENT PLANT ' PARTS 
+-c""f----
Q) 
U ~~--­
L 
~ 
""f----
Figure 6 
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VI. EFFECT OF TREATMENT ON PLANT 
MEASURE~ENTS. 
1. Height of Plants. 
Just before hal vest the height of each plant was measured. 
Tables 22 and 23 give the averages obtained. 
The height of the corn increased with additional water up 
to thirty inches. More than this amount reduced the height. 
In 1912 and 1913 the corn on the plats receiving ten inches of 
water was shorter than that receiving no irrigation. It w ill be 
remembered that the y ield of grain ~n these plats was also low. 
The reason for this is not clear. 
Manure in every case increased the height of the corn. 
TABLE 22-EFFECT OF IRRIGATION ON THE HEIGHT 
OF CORN PLANTS. A VERAGE OF THREE MA-
NURING TREATMENTS. 
Average Height of Plants in Inches. 
"'0 , 
1-0 Q) 
...c:1-o cu;.,::: en u ro 1911 , 1912 1913 Average ..... p. ..... roQ) ~~I~~>< ~ 
None' 6 65.79 , 70.42 79.15 71.79 
5 in. , 6 69.80 , 71.55 80.58 73.98 
10 " , 6 72.64 , 69.05 79.00 73.56 
20 " , 6 77.50 , 74.63 75.80 II 75.98 
30 " , 6 79.34 I 73.83 86.13 
" 
79.77 
40 " , 6 77.12 ., 75.72 79.76 
" 
77.53 
TABLE 23-EFFECT OF MANURE ON THE HEIGHT OF 
CORN PLANTS. AVERAGE OF SIX IRRIGATION 
TREA TMENTS. 
Average Height of Plants in Inches. 
Q) 
1-0 
..s::1-0 ::3 en u ro 1911 1912 1913 Average . t:: ..... roQ) 
ro ~~>< 2 p... 
None' 12 , 69.82 69.96 68.52 69.43 
5 tons , 12 I 74.12 74.90 76.50 75.17 
15 " , 12 , 77.1 7 72.72 80.70 76.86 
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2. Length of Leaves. 
When the crop w~s mature the length of the leaves on each 
plant was measured. The results are given in Tables 24 and 25 . 
. The column giving an average of the three years shows 
a gradual increase in length of leaf as more water was applied. 
The results for any single year, however, are somewhat variable. 
The length of leaves was in every case increased by the presence 
of manure in the soil. 
TABLE 24-EFFECT OF IRRIGATION ON THE LENGTH 
OF CORN LEAVES. AVERAGE OF THREE MA-
NURING TREATMENTS. 
Average Length of Corn Leaves in Inches. 
-0 II I-. Q) ..s::1-. 
<1>:'::: ~ ~~. 1911 1912 1913 II Average ..... 0. roo. ~ ~ p::~:>-t II 
I II 
None I 6 21.10 1929 22.07 I 20.82 
- in. I 6 21.10 19.75 22.19 21.01 
10 " I 6 21.40 19.50 22.59 21.16 
20 " I 6 21.90 21.81 21.79 21.83 
30 " I 6 23.60 21.72 21.34 22.22 
40 " I 6 23.30 21.95 21.87 22.37 
I 
TABLE 25-EFFECT OF MANURE ON THE LENGTH OF 
CORN LEAVES. AVERAGE OF SIX IRRIGATION 
TREA TMENTS. 
A verage Length of Corn Leaves in Inches. 
Q) 
I-. 
..J:I-. ~ Ul u ro 1911 1912 1913 Average c ..... roQ) 
ro .!S~:>-t ~ ~ 
I I 
None I 12 I 21.30 19.88 20.63 20.60 
5 tonsl 12 I 22.00 20.89 22.59 21.83 
15 " I 12 I 22.80 21.26 22.70 22.25 
I I II 
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3. Width of Leaves. 
Tables 26 and 27 show how the width of the leaves was 
affected by the treatment. It is 4ifficult to see any consistent 
relation between irrigation and the width of the corn leaves. 
The larger amounts of water, however, usually produced the 
wider leaves. 
The results for manure are more marked. Its presen.ce 
decidedly increased the width of leaves . except In 1911, when 
the opposite result was obtained. 
TABLE 26-EFFECT OF IRRIGATION ON THE WIDTH 
OF CORN LEAVES. AVERAGE OF THREE MA-
NURING TREATMENTS. 
Average \¥ idth of Leaves in Inches. 
~ "'2 .c ~ II ~~ 2 ~ ~ 1911 1912 1913 II Average ~.< ~~~ II 
--1- - '·- - - ·----':-----'----------'-'-11 --
None I 6 I 3.10 3.23 2.74 II 3.02 
5 in. I 6 I 3.10 3.18 2.69 II 2.99 
10 " I 6 I 3.10 3.04 2.92 II 3.02 
20 " I 6 I 3.20 3.32 2.56 II 3.03 
30 " I 6 I 3.30 3.24 2.76 II 3.10 
40 " I 6 I 3.10 · 3.24 2.71" 3.02 
I I " 
TABLE 27-EFFECT OF MANURE ON THE WIDTH OF 
CORN LEAVES. AVERAGE OF SIX IRRIGATION 
TREA TMENTS. 
Average Width of Leaves in Inches. 
v I 
" 
~ .c~ ;::l Ul U CIS 1911 I 1912 1913 II Average ~ ..... ClSV CIS ..::!~~ ~ ~ I 
" I I I 
" 
None I 12 I 3.50 I 3.09 2.46 
" 
3.02 
5 tonsl 12 I 3.30 I 3.11 2.80 II 3.07 
15 " I 12 I 3.30 I 3.43 2.94 II 3.22 
I I I _ 
" 
IRRI GATIO AND MANURING OF CORN 405 
4. ~ength of Ears. 
During 1911 and 1912 the length of ears was measured, but 
in 1913 this was overlooked. Tables 28 and 29 give the results 
of these measurements. 
About the only comment necessary regarding the length 
of ears is that the results are so variab le that it would be unwise 
to draw any conclusions. 
TABLE 28-EFFECT OF. IRRIGATION ON THE LENGTH 
OF CORN EARS. AVERAGE OF THREE MANUR-
ING TREATMENTS. 
A verage Length of Ears in Inches. 
"'0 
:... <I) 
..c:1-
<I);"::: en u C'd 1911 1912 Average · ..... 0.. ..... C'd<l) 
C'do.. ,;;!~~ ~ < p.. 
I 
one I 6 9.40 8.53 8.97 
5 in . I 6 10.28 8.28 9.28 
10 n I 6 10.09 7.97 9.03 
20 " I 6 9.87 7.72 8.80 
30 " I 6 10.97 8.70 9.84 
40 " I 6 9.90 8.54 I 9.22 
I 
" 
• 
TABLE 29-EFFECT OF MANURE ON THE LENGTH OF 
CORN EARS. AVERAGE OF SIX IRRIGATION 
TREATMENTS. 
Average Length of Ears in Inches. 
<I) 
" 
:... 
..c::... ;::l en u C'd 1911 1912 II Average s:: ..... C'd<l) C'd ,;;!~~ II ~ P-; 
I II 
Jone I 12 11.07 8.45 II 9.76 
5 tonsl 12 8.65 8.18 
" 
8.42 
15 " I 12 9.87 8.24 
" 
9.06 
I 
" 
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VII. NUMBER OF STALKS, LEAVES, EARS AND 
TASSEL BRANCHES. 
1. Number of Stalks Per Plat. 
Soon after the corn came u.p it was thinned to three plants 
in a hill. There was some tillering later, hence many of the 
hills contained more than th~ee stalks. Any branch that pro-
duced a tassel was called a stalk. Tables 30 and 31 give the 
average number of stalks on a plat with the different treatments. 
The number of stalks is usually increased with the water 
applied. However, there were a number of exceptions. Table 
31 brings out distinctly that the tillering of corn is increased by 
manure. 
TABLE 30-EFFECT OF IRRIGATION ON THE NUMBER 
OF STALKS OF CORN PER PLAT. AVERAGE OF 
THREE MANURING TREATMENTS . 
None I 6 
5 in. I 6 
10 " I 6 
20 " I 6 
30 "I 6 
40 " I 6 
1911 
71.00 
76.00 
70.00 
75.00 
72.00 
82.00 
. Number of Stalks Per Plat. 
1912 
66.17 
70.83 
71.83 
71.66 
75.50 
78.00 
1913 
50.50 
52.83 
55.67 
56.50 
49.00 
49.16 
Average 
62.56 
66.55 
65.83 
67.72 
, 65.50 
II 69.72 
TABLE 31-EFFECT OF MANURE ON THE NUMBER 
OF STALKS OF CORN PER PLAT. AVERAGE OF 
SIX IRRIGATION TREATMENTS. 
None' 12 
5 tons, 12 
15 " , 12 
1911 
69.00 
77.00 
77.00 
N umber of Stalks Per Plat. 
1912 
61.08 
76.85 
79.08 
, . 
, 1913 
I 
I 45.58 
, 49.00 
, 62.25 
II II Average 
II 
II 
II 
II 
58.55 
67.62 
72.78 
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2. Number of Leaves Per Stalk. 
The number of leaves on each stalk was counted. Tables 
32 and 33 give the averages. 
There seems to be no consistent ccrrelation between the 
amount of irrigation water and the number of leaves on each 
stalk. About ten leaves were usually produced. The number 
was very ,constant from season to season. 
There appears to be an increase in leaves with the applica-
tion of manure. W here fifteen tons were applied , about one 
more leaf grew on the stalk than where no manure was added. 
TABLE 32-EFFECT OF IRRIGATION ON THE NUMBER 
OF LEAVES PER STALK OF CORN. AVERAGE OF 
THREE MANURING TREATMENTS. 
N umber of Leaves Per Stalk. 
~] I .0" , 
..... -0. ~~~ 1911 1912 , 1913 Aver'age ~ 0. ..::!~:>-t , 
-< ~ 
, , 
" 
None ' 6 , 10.14 10.67 , 10.01 10.27 
5 in. , 6 , 10.21 10.29 , 9.88 10.13 
10 " , 6 , 10.34 9.85 ' , 9.61 9.93 
20 " , 6 ' , 10.57 10.05 , 9.82 10.15 
30 " , 6 , 10.21 10.23 , 9.68 
" 
10.04 
40 " , 6 , 10.50 9.90 , 9.65 
" 
10.02 
" 
I , II 
T,ABLE 33-EFFECT OF MANURE ON THE NUMBER 
OF LEAVES PER STALK OF CORN. AVERAGE OF 
SIX IRRIGATION TREATMENTS. 
None ' 12 , 
5 tons, 12 , 
15 " , 12 , 
1911 
9.85 
10.46 
10.62 
N umber of Leaves Per Stalk. 
1912 
9.71 
10.43 
10.38 
1913 
9.31 
9.65 
10.37 
Average 
9.62 
10.18 
10.46 
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3. Number of Ears Per Plat. 
The number of ears on a plat was determined. Some of the 
stalks did not ,have an ear while others produced two. Since 
the ears are tlte part of the plant of greatest value, it is a good 
thing to know the factors influencing ear production. 
Table 34 shows that the greatest number of ears was 
produced where twenty inches of water were app lied . It will 
be remembered that this was the trea.tment giving the highest 
yield of grain. Considerable irregularity is noted, but the fa-
vorable amounts of moisture for the growth of the crop usually 
gaye the highest number of ears to the plat. 
The number of ears was decidedly increased with five tons 
of manure, and increased even more with fifteen tons. 
TABLE 34-EFFECT OF IRRIGATION ON THE NUMBER 
OF EARS PER PLAT. AVERAGE OF THREE MA-
NURING TREATMENTS. 
Number of Ears Per Plat. 
"0 
:... <I) 
..c:... <I);'::: (/) U ro 1911 1912 1913 Average ...... 0. ...... ro<l) 
roo. ..:s~~ ~< Pot 
one I 6 63.00 79.00 63.83 69.28 
5 in. I 6 76.00 83.66 68.50 76.05 
10 " I 6 71.00 72.66 70.16 71 .27 
20 " I 6 75.00 83.83 73.33 77.39 
30 " I 6 71.00 82.83 66.00 73,28 
40 " I 6 79.00 81.00 65.83 . 75.28 
TABLE 35-EFFECT OF MANURE ON THE NUMBER 
. OF EARS PER PLAT. AVERAGE OF SIX IRRI-
GATION TREATMENTS. 
None 112 
5 tQns 12 I 
15 " I 12 I 
1911 
70.00 
75.00 
75.00 
Number of Ears Per Plat. 
1912 
59.25 
75.41 
78.08 
1913 
49.30 
66.50 
83.50 
II II Average 
II 
" II 
" 
59.52 
72.30 
78.86 
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4. Number of Ears to 100 Stalks. 
The number of ears per plat was due to two, factors , the 
tillering of the plants and the number of ears on each stalk. 
Tables are presented to show the number of ears to 100 stalks. 
This is simply an indication of the number of ears produced on 
each branch. 
An examin?-tion of Table 36 shows considerable irregu-
larity in the number of ears to 100 stalks. The medium amounts 
of moi ture, however, produced most ears per stalk. 
On the average the manure increased the number of ears 
for 100 stalks. There was more difference due to season than 
to treatment. 
TABLE 36-EFFECT OF IRRIGATION ON THE NUMBER 
OF EARS OF CORN FOR 100 STALKS. AVERAGE 
OF THREE MANURING TREATMENTS. 
umber of Ears for 100 Stalks. 
-0 II I-< Q) ..s::1-< v;..::: UluC1l 1911 1912 1913 
- " 
Average . ~ 0.. +-'C1lQ) 
~.< ~W~ 
" 
~ 
None I 6 92 100 126 
" 
106 
5 in. I 6 100 103 130 II 111 
10 " I 6 101 92 126 II 106 
20 " I 6 100 101 129 11 110 
30 " I 6 98 101 135 11 111 
40 " I 6 96 92 134 11 107 
TABLE 37-EFFECT OF MANURE ON THE NUMBER 
OF EARS OF CORN FOR 100 STALKS. AVERAGE 
OF SIX IRRIGATION TREATMENTS. 
N umber of Ears for 100 Stalks. 
Q) I 
" 
I-. 
..s::1-< ;::l Ul U C1l 1911 I 1912 1913 II Average t:: +-'C1lQ) C1l ~W~ ~ ~ 1 
" None I 12 101 I 97 108 II 102 
5 tons l 12 97 I 98 136 II 110 
15 " I 12 97 
· 1 98 134 II 110 
410 BULLETI T O. 133 
5. Number of Branches Per Tassel. 
A count was made of the nnmber of branches on each tassel 
to see if the pollen producing part of the corn plant was af-
fec ted similarly to 'the grain. . 
Tables 38 and 39 show the average number of branches 
making up the corn tassel. Tables 40 and 41 compare the branch-
ing of the tassels with the number of ears per plat. 
An examination of these figures shows that a very close 
re lation exists between . the branching of the tassels and the 
production of ears. The treatments that affected one usually 
TABLE 38-EFFECT OF IRRIGATION ON THE NUMBER 
OF BRANCHES PER TASSEL. AVERAGE OF 
THREE MANURING TREATMENTS. ' 
N umber of Branches Per Tassel. 
'"V I II s.... v ...c:s.... v'-~o. VJ u cd 1911 1912 I 191 3· II Average ...... (';!v ~< ~~>; I II ~ 
I I I 
None I 6 16.44 14.35 . I 17.95 16.25 
5 in. I 6 17.77 15.17 1 17.39 16.78 
10 " I 6 16.51 15.07 I 17.52 16.33 
20 " I 6 17.87 14.45 1 17.16 16.49 
30 " I 6 16.57 14.87 1 20.01 17.1 5 
40 " I 6 17.99 14.30 I 17.39 16.56 
TABLE 39-EFFECT OF MANURE ON THE NUMBER 
OF BRANCHES PER TASSEL. AVERAGE OF 
SIX IRRIGATION TREATMENTS. 
N umber of Branches Per Tassel. 
v II s.... ...c:s.... . ;:l 
VJ U cd 1911 1912 1913 II Average t:: ...... cd v cd ~~>; II ~ ~ 
I 1 II 
l one I 12 I 15.45 12.85 13.65 II . 13.98 
5 tons l 12 I. 17.29 14.87 18.61 II 16.92 
15 " I 12 I 18.75 16.09 21.47 .11 18.77 
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affected the ·other. This is particularly striking with the manure 
treatments. 
The author 's attention has not previously been called to the 
fact that soil conditions affect the branching of the corn tassel. 
It may be that this will offer a means to aid in studying the 
factors that are favorab le to corn plants. 
TABLE 40-EFFECT OF IRRIGATION ON THE COMPAR-
ATIVE NUMBER OF BRANCHES PER TASSEL 
'AND EARS PER PLAT. A VERAGE FOR THREE 
MANURING TREATMENTS. NO IRRIGATION 
TAKEN AS 100. OTHERS EXPRESSED IN RELA-
TIVE NUMBERS. 
II 
1911 1912 1913 II Average 
II 
Cfl Cfl Cfl Cfl 
'"0 v v v C!) 
:... v ..c: v ...c v ...c v ..c: v 
v·- u Cfl Cfl:...~ u Cfl Cfl:...~ u Cfl Cfl:...~ u Cfl Cfll-.~ ~~ I=: I-. Cfl I=: I-. Cfl @ I-. ~ t: ~ C.f) ro v ro I-. v- ro v ro I-. v- I-. v- ro v ro I-. v-~~ ~ OJ-I ~ o.P-t ~ o.E--t ~ o.P-t I-. v E--t ~ o.P-t ~ o.E-' ~ o.P-t ~o. 
None _I 100 I 100 I 100 I 100 I 100 I 100 II 100 I 100 
5 in . _I 108 I 11 7 I 105 I 106 I 97 I 107 II 103 I 110 
10 " _I 100 I 109 I 105 I 92 I 98 I 110 II 101 I 103 
20 " _I 109 I 115 I 101 I 106 I 96 I 115 II 102 I 112 
30 " _I 101 I 109 I 104 I 105 I 111 I 103 II 106 I 106 
40 " _I 109 I 122 I 100 I 103 I 97 I 103 II 102 I 109 
TABLE 41-EFFECT OF MANURING ON THE COMPAR-
ATIVE NUMBER OF BRANCHES PER TASSEL 
AND EARS PER PLAT. AVERAGE FOR SIX IRRI-
GATION TREAT-ME NTS. 
II 
1911 1912 1913 II Average 
II 
Cfl Cfl Cfl Cfl 
V V 
_. V V 
v 
V v V I-. ...c v ...c ...c ...c 
::l u Cfl Cfl I-.. ~ U Cfl Cfl l-.~ U Cfl ...., U Cfl ...., I=: @ I-. ~ c:: 1-. C.f) t: &-. C.f) Cfl I-. ro t: S-t en Cfl I-. ro I-v- ro v ro I-v_ ro v ro I-v- rov ro I-v-ro I- ~E--t : ~ o.P-t ~ o.E--t ~ o.P-t ~ o.E--t ~ o.P-t ~ o.E--t ~ o.P-t ~ ~ \ 
-
None _I 100 I 100 I 100 I 100 I 100 I 100 II J 100 100 
5 tons_I 112 I 107 · I 109 I 127 I 129 I 127 II 121 I 121 
. 15 " :- 1 115 I 107 I 125 I 132 I 157 I 160 II 127 I 132 
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VIII. LENGTH OF THE GROWING PERIOD. 
In 1913 a record of date of maturity was made. The results 
are summarized in Tables 42 and 43. 
Table 42 shows the earliest . maturity with no irrio-ation 
and the latest where forty inches of water were applied. There 
was very little difference in time of maturity with the interme-
diate amounts of water. 
Where manure was applied the growing period was 
shortened. The corn matured nearly a week earlier when 
heavily manured than when not manured at all. 
TABLE 42-EFFECT OF IRRIGATION ON THE LENGTH 
OF THE GROWING PERIOD OF CORN. AVERAGE 
OF THREE MANURING TREATMENTS. 1913. 
Water No. of 
Applied Plats 
1 
None -------------------1 6 5 inches ________________ 1 6 
10 " ________________ 1 6 
20 " _______ _________ 1 6 
30 " ______________ ~-I 6 
40 " ________________ 1 6 
1 
I
. Days frMom P~anting 
to atunty 
121.0 
124.3 
126.3 
126.3 
126.0 
128.0 
TABLE 43-EFFECT OF MANURE ON THE LENGTH 
OF THE GROWING PERIOD OF CORN. AVERAGE 
OF SIX IRRIGATION TREATMENTS. 1913. 
Manure 
1 None ___________________ 1 
5 tons __________________ 1 
15 " __________________ 1 
1 
0. of 
Plats 
12 
12 
12 
Days from Planting 
to Maturity 
128.3 
124.8. 
122.9 
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IX. IRRIGATION OF CORN SIX YEARS ON UN-
MANURED LAND. 
Since 1908 four one-twenty-sixth acre plats have been con-
tinuously cropped to corn. These plats have not received any 
manure for at least ten years . In the six years that the corn 
has been grown. different <l:.mounts of irrigation water have 
. been applied. The first four years the treatments for the four 
plats were : no water, five inches, ten inches and fifteen inches. 
These amounts of water did not cover a sufficiently wide ranO'e , 
hence during 1912 and 1913 the amount of water was increased 
and the treatments were : no water, fifteen inches, twenty-five 
inches and thirty-seven and one-half inches . 
Table 44 shows the yields for six years. vVhen fi fteen inches 
of water was the maximum amount used, there was an increase 
in y ield as more water was added. D uring the years, however, 
when more water was applied there was a falling off in yield \ 
when more than fifteen inches of water were used. 
TABLE 44-EFFECT OF IRRIGATION ON THE YIELD 
OF CORN RAISED SIX YEARS ON THE SAME 
LAND WITHOUT MANURE. 
Yield of Corn in Bushels per Acre. 
'"0 
1-0 (I) 
(1).- en 1908 1909 1910 1911 Ave. ~o. ~ ~< P: 
1 
one _I ~OG 47.4 50.8 34.2 63 .5 49.0 
5 in. _I 49G 60.9 61.4 40.9 69.6 58.2 
10 " 
-I 48G 56.4 61.0 44.9 79.1 60.3 
15 " 
-I 47G 64.3 70.4 51.3 83.3 67.3 
1 
1 1912 1913 Ave. 
1 
1 
None _I 50G 69.3 65 .5 67.4 
15 in. _I 49G 79.8 78.5 79.2 
25 " 
-I 48G 65.1 64.1 64.6 37~ " 1 47G 66.6 64.9 65.8 
1 
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Table 45 shows that water was used most economically 
where the lowest amount was applied. Five inches, as an av-
erage of four years' results. gave an increase of 1.84 bushels of 
grain for each inch of water added. Ten inches of water were 
used less economically than fifteen. It has been noticed all 
through the experiments on the irrigation of corn that ten inches 
of irrigation water was often not- as good as either more or 
less. No reason for this is known at present. 
From the results ' reporteci in Tables 44 and 45 it would 
seem unwise to ever use as much as twenty-five inches of irri-
gation water under the conditions of the Greenville farm. Fif-
teen inches gave the best results in every case. It will be re-
membered that t wenty inches gave the best results in the 
three years' test reported earlier in this bulletin . It may be that 
where manure is used the crop can use a larger amount of water 
with economy than where the soil is not manured. 
TABLE 45-INCREASE IN YIELD OF CORN FOR EACH 
INCH OF IRRIGATION WATER APPLIED. 
Increase: in Bu. for Each Inch of Water Applied. 
-0 
1 !- Q) Q). - en ~o. 
-;;; 1908 1 1909 1910 1911 Ave. ~.< ~ 1 
1 1 
5 in _I 49G 2.70 1 2.10 1.34 1.22 1.84 
10 " 
-I 48G .91 1 1.02 1.08 1.55 1.14 ]5 " ' _ 1 47G 1.13 1 1.30 1.14 1.3~ 1.22 
·1 1 
1 1 
1 1912 1 1913 Ave. 
1 1 
--
1 1 
15 in. 1 49G .70 1 .87 .79 
25 " I 48G -.17 1 -.05 -.If 
370 " 1 47G -.07- 1 -.02 -.05 
1 - 1 
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x. EFFECT OF SOIL MOISTURE ON GERMINATION 
OF CORN. 
Tests were made to determine the effect of soil moisture on 
percentage germination of corn, and also on the average time 
required for the seeds to germinate. A fine river sand was placed 
in tin plates and the desired amount of water added. One hun-
dred kernels of corn were then put to germinate between filter 
paper which was pressed tightly against the moist sand, and all 
vessels covered. 
An examination was made every day and the number of -
germinated seeds recorded. The experiment was begun August 
, 23 and continued till August 30, giving a seven days' test. 
The sand with 5 per cent water was almost air dry while that 
with 45 per cent and 50 per cent contained free water over the 
surface. The results are given in Table 46. 
TABLE 46-EFFECT OF SOIL MOISTURE ON THE PER-
CENTAGE AND TIME OF GERMINATION OF 
CORN IN FINE SAND. 
-= C1) I-< <fl U~ >. 
C\l C\l 
~~ ~ ~ C") 
5 
10 2 
15 6 
20 10 
25 20 
30 8 
35 22 
40 86 
45 58 
50 32 
Percentage Germination in: 
<fl 
>. 
C\l 
~ 
-.:t 
24 
42 
60 
78 
70 
90 
86 
80 
38 
<fl 
>. 
C\l 
~ 
U") 
8 
76 
92 
92 
96 
96 
100 
92 
92 
48 
<fl 
>. 
C\l 
~ 
\0 
1 
1 8 
1 92 
1 92 
1 100 
1 100 
1 100 
1 100 
1 92 
1 92 
1 56 
-I 
<fl 
>. 
C\l 
~ 
t'-.. 
20 
93 
93 
100 
100 
100 
100 
93 
93 
67 
--
Average Time 
of Germination 
, 
in Days 
6.20 
4.91 
4.51 
4.38 
4.06 
4.26 
3.88 
3.10 
3.54 
4.40 
In six days all the seeds had germinated In the sand with 
from twenty to thirty-five per cent moisture. 
The sand with forty per cent water gave the most rapid 
germination during the first few days, but it did not g ive as 
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high a total geqnination as some lower amounts of moisture: 
Where the sand contained thirty-five per cent moisture there 
was 100 per cent germination in five days. 
The average time of germination was determined by mul-
tiplying the .number of seeds that germinated each day by the 
number of days since planting. All these products were added 
together and divided by the total number of seeds germinated 
in seven days. . The average time of germination gradually de-
creased as the amount of water was increased up to forty per 
cent. More water than this amount lengthened the average time 
of germination. 
XI. EFFECT OF SOIL MOISTURE ON THE NUMBER 
OF STOMATA IN CORN LEAVES~ 
The author, working in the plant physiology laboratory of 
Dr. B ·M . Dugg-a" of Cornell Un'iversity in 1909, studied the 
effect of soil moisture on the number of stomata in the leaves 
of corn and wheat. The plants were raised in glass tumblers 
containing coarse quartz sand with different amounts of mois-
ture. They grew for seventeen days and were immediately 
placed in alcohol containing acetic acid and corrosive sublimate. 
The cells were "fixed" and "cleared" in this solution. The -
tips of leaves were later mounted on a slide and 'placed under 
the microscope. Counts were made of the number of stomata 
in a· field given with an 8x ocular and 16 m.m. objective. The 
figures are the average of five counts. 
TABLE 47-EFFECT OF SOIL MOISTURE ON THE 
NUMBER OF STOMATA IN THE LEAVES OF 
CORN AND WHEAT: 
Per Cent 
Numli>er of Stomato 
Soil 
Moisture Corn W heat 
38 181 103 
30 130 85 
20 129 82 
15 124 81 
11 107 59 
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These results have already been recorded by Duggar in his 
book on 'Plant Physiology (page 92). With both wheat and 
corn there were more stomata per unit leaf surface with a high 
soil mqisture than with a low. The greatest differences resulted 
from the very wet and the very dry soil, the intermediate amounts 
of moisture causing but little variation. The corn contained 
more stomata per unit area than the wheat. 
XII.-EFFECT OF SOIL MOISTURE ON THE RATIO OF 
TOPS TO ROOTS. 
Recently the author has published in another place (Journal 
. American Society, Agronomy, Vol. 6, No. ,2, M.arch, April, 
data showing the effect . of soil moisture on . the ratio of 
tops of corn and other crops to roots. With a percentage 
of soil moisture of 38, 30, 20, 15 and 11 , there was a ratio of 
weight of tops to roots of .90, .84, .65, .48 and .36, respectively, 
and a ratio of length of tops to roots of 1.46, 1.17, .33, .43, and .33, 
respectively. Thus it is seen that the drier the soil the greater 
the root growth in proportion to the tops. A number of differ-
ent experiments were reported all bearing out this same conclu-
sion. 
XIII. SUMMARY. 
1. The proper use of water is the most important question 
in the agriculture of arid regions; and the consistent use of 
manure is necessary to the establishment of a permanent agri-
culture in any country. 
2. Corn is one of the most, i~portant of the crops raised by 
American farmers. Its study, therefore, has economic as well 
as scientific importance. 
3. This bulletin reports tests of the effect of soil moisture 
and manure on the yield and morphology of corn. 
4. The highest yield of corn to the acre of land was pro-
duced where from fifteen to thirty acre inches of water were 
applied. Twenty inches is probably the best amount to use 
under Greenville conditions. . 
5. Where forty acre inches of water were applied there was 
a decrease in yield of corn, a waste of water, a loss of time in 
applying the unnecessary water, and injury to the soil, hence 
the wise farmer will avoid the excessiye use of water. 
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6. Manure gave sufficient increase In yield of corn to 
make it worth about $2.00 a ton. 
7. Many results are given showing the effect of trngation 
water and manure on relative amounts of different parts of the 
corn plant. 
8. Large amounts of irrigati~n water cause the corn to 
have relatively less grain, cobs, and leaves, and more husks 
and stalks. 
9. Manure decreased the percentage of grain, cobs, and 
husks in the plant, but ' increased the percentage of stalks and 
leaves. 
10. Soil treatments affected th~ branching of the corn 
tassels in the same manner that they affected the production _ 
of ears. 
11. The time of maturity of corn was delayed by irriga-
tion, but hastened by manure. This is important since earli-
ness in maturity of corn is very desirable in Utah. 
13. The germination of corn was most rapid and complete 
in a soil containing a medium amount of soil moisture. 
14. The number of stomato on a given area of leaf sur-
face was increased by a large amount o.f soil moisture. This 
probably causes wastefulness in transpiration. 
15. The proportion of roots to tops was increased by low-
ering the soil moisture. When deep rooting is desired, over 
irrigation should, therefore, be avoided. 
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